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Temperature and Growth Rates in 
Euplotes woodruffi Gaw 
By p AUL A. MEGLITSCH 
That temperature has a direct and significant effect upon growth 
of organisms is sufficiently well established, not only for Protozoa, 
but for other kinds of organisms. The measurement of the effect 
of temperature, however, is not always simple to achieve. \!\'hen, 
in the course of setting up controls for another experiment, it 
became necessary to determine the capacity for growth of Euplotes 
woodruffi at several temperatures and pH conditions, not all of 
the difficulties that were actually encountered were anticipated. 
The organisms studied were held within approximately 0.5 degree 
of the experimental temperature in a B. 0. D. incubator. They were 
grown in a culture medium consisting of half strength artificial sea 
water, to 1 liter of which 1.5 grams of dried lettuce was added. After 
simmering for 15 minutes the fluid was brought to its original 
volume by adding triply-distilled water, tubed, and autoclaved. The 
medium was inoculated with a loopful of Aerobacter aerogenes 
48 hours before the add;tion of Euplotes woodruffi. Just before 
the Euplotes were added. the pH of the medium was adjusted to 
the desired figure. Buffering was not entirely effective, but the 
pH was followed with a Beckman meter during the course of 
the culture, and consistent differences in pH were found in all of 
the cultural conditions followed. The inoculation with 8 Euplotes 
woodruf fi was followed by daily counts of the number of protozoans 
in the tubes. This count was made by distributing the fluid in 
depressions in a spot plate and making an actual count of the 
whole contents of the tube. All of the cultures were 2 c.c. in 
volume. Counts were continued for four days. Batteries of 10 
cultures were used for each of the sets of conditions used. Each 
battery was set up in such a way that every operation was repeated 
three times. Variations in food concentration were produced by 
dilution of the Aerobacter cultures just before Euplotes were added. 
The cultures were diluted with half-strength sea water to half and 
to one fourth of their original concentration. This did not actually 
result in halving the available food organism, however. Studies 
of the Aerobacter population by plate counts showed that although 
there was a definite reduction in the quantity of food available 
resulting from the dilutions, the growth of Aerobacter in diluted 
medium did occur. The quantity of growth of Aerobacter varied 
somewhat with pH and temperature. A full account of the popu-
lations of Anobactn is not available, unfortunately. 
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The results of the study are summarized in a series of tables. 
The first table gives the upper asymptotes of the growth curves, 
calculated by applying the formula: 
K= 
2N1N2N3 - N 22 (N1 + Na) 
NiNa - N 2 2 
where K is the upper asymptote, and N1, N2, and Na are the 
numbers present in the cultures at times 1, 2, and 3, equally 
distant from one another, and arranged so that they include the 
point of inflection in the growth curve. 
Table I. 
Upper Asymptotes of the Growth Curve of Euplotes woodruffi under 
Experimental Conditions 
Temp.Concentration Initial pH 
of medium 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
22° Full Strength 104.6 106.6 102.3 123.4 107.1 95.4 82.9 
Half Strength 29.4 25.8 41.2 48.2 39.5 25.8 29.3 
Quarter Strength 18.2 19.3 25.4 12. 7 27.8 19.4 21.3 
27° Full Strength 56.5 102.6 106.9 121.3 109.5 77.1 77.5 
Half Strength 45.8 75.8 88.9 86.6 85.4 48.4 75.0 
Quarter Strength 41.6 52.8 60.7 47.9 63.9 43.1 54.0 
32° Full Strength 169.6 164.8 186.7 161.6 205.0 123.7 128.8 
Half Strength 99.2 95.6 70.4 57.8 83.6 74.0 72.1 
Quarter Strength 30.8 41.8 41.8 55.1 60.9 56.5 58.5 
37° Full Strength 13.5 12.6 17.9 13.9 17.2 19.2 20.5 
Half Strength 17.3 25.0 8.0 13.7 9.1 15.0 10.8 
Quarter Strength 9.5 11.0 16.3 21.0 9.8 10.8 15. 7 
Examination of the results as summarized in Table I shows that 
temperature change has a profound effect upon the production of 
Euplotes in the small cultures. A maximal production of Euplotes 
is observed at 32°, somewhat less than 27°, a little less, on the whole, 
at 22°, and very little production at 37°. This cannot, however, be 
taken as direct effect upon Euplotes. In each culture there is, in 
effect, a short food chain, with Euplotes as the consumer pop-
ulation. Differences in the number of Eu plot es produced may be 
a measure of the direct effects of temperature upon Euplotes, 
changing the proportion of maintenance and synthesis energy which 
is expended under the conditions of the culture. On the other hand, 
the results may come through modifications of the Aerobacter pop-
ulation upon which the Euplotes feed. About all that can be con-
cluded actually, is that the Areobacter-Euplotes system responds 
to give maximal production of Euplotes at 32°. 
Within any given temperature range, the dilution of the medium 
has a definite effect upon the production of Euplotes. It is evident 
that the Aerobacter-Euplotes system is less affected by dilution of 
the medium at 27° than at 32°; suggesting that the strain of Aero-
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bacter may have been able to reproduce more at the lower than 
at the higher temperature. It is also evident that the effects of 
medium dilution are more drastic at 22°. This has tentatively lead 
to the conclusion that either the Eu plates growth is less affected 
by reducing temperature to 22° than is the Aerobacter, or that 
there is a marked increased in maintenance energy in either or 
both of the organisms at 22°. Dilution of the medium has no con-
sistent effect at 3 7°, a fact which is not particularly surprising 
since temperature itself is the primary limiting factor at the high 
temperturcs. The growth of Aerobacter is not similarly depressed 
by the temperture, and great masses of unused bacteria are found 
in the cultures. 
'Vithin any given temperature range and food concentration, 
modification of pH has a moderate effect upon growth in the 
range tested. In general there is a maximal growth between pH 
6.6 and 7.4, although there is some evidence of a specific depres-
sion of growth at pH 7.0 in some batteries of culture. An inter-
esting and unexplained observation is that at 32 degrees the more 
acid pH favored growth in half-strength medium, while the more 
alkaline pH favored growth in quarter-strength medium. The 
differences observed arc statistically valid, but nevertheless need 
confim1ation. Chalkley ( 1930) reported for Paramecium caudatum 
that tolerance to high temperatures varied with the sodium- po-
tassium-calcium balance. It is not improbable that some such ef-
fect is involved here, since the buffering of artificial sea water 
is impossible without interfering somewhat with ionic balances. 
The examination of the upper asymptotes of the growth curves, 
alone, gives pertinent information but is not of itself sufficient 
to describe the relationship of the organisms to temperature, 
pH or food concentration. Two cultures may reach the same 
asymptote in different ways, through more early growth, more 
late growth or some intermediate pathway. It is valuable, there-
fore, to determine the actual rate of growth exhibited by the or-
ganism at various times during the cultural period. 
Various formulae have been used for the expression of growth 
rates. For the computation of daily growth rates, the formula 
Nt = N 0 et was used, where Nt represents the numbers at any 
given time, N 0 the numbers at the beginning of the time interval, 
r the growth rate, and t the time interval in days. For the compu-
tation of daily rates, the numbers present at the beginning of the 
daily period were N 0 and the numbers present at the end of the 
day N t· The following table summarizes the observations. 
Daily growth rates show a few relationships that are not evi-
ident from an examination of asymptotes. There is some evidence 
of depression of growth at a pH of 7.0 from the asymptotic figures. 
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" Table II + + 
Rates of Growth of Euplotes Woodruf/i Over Different 24-hour Spans Under Experimental Conditions 
Concentration Initial pH 
Temp. of Medium Day 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
22° Full Strength 1 -0.204 -0.375 -0.470 -0.322 -0.322 -0.621 -0.135 
2 0.613 0.459 0.950 0.817 0.817 0.793 0.693 
3 1.393 1.697 1.348 1.506 1.386 1.360 1.221 ..... 
4 0.617 0.661 0.565 0.612 0.581 0.707 0.451 0 
Half Strength 1 0.000 - 0.279 -O.Q25 0.239 0.000 0.037 0.037 ~ > 2 0.669 0.511 0.719 0.867 0.560 0.523 0.369 > 3 0.624 0.915 0.838 1.030 1.025 0.596 0.693 n 
4 0.035 0.040 0.103 --0.406 -0.198 0.083 0.080 > 
Qua rt er Strength 1 -0.239 -0.105 -0.208 0.037 0.193 0.151 -0.092 tJ trj 
2 0.389 0.424 0.526 0.449 0.213 0.168 0.577 ~ 
3 0.443 0.598 0.598 0.380 0.734 0.647 0.336 ~ 
4 0.118 -0.105 -0.105 0.000 0.113 -0.100 0.105 0 
'Tl 
27° Full Strength 1 0.372 -0.078 0.182 0.223 0.319 0.319 0.182 [fl 
2 0.577 0.943 1.034 0.916 1.213 0.969 0.996 0 ..... 
'.1 0.723 1.386 1.182 1.058 0.784 0.823 0.916 trj 
4 0.207 -0.284 0.177 0.396 0.250 0.040 0.156 z 0 
Half Strength 1 0.322 0.072 0.486 0.406 0.219 0.219 0.219 trj 
2 0.761 0.984 0.571 1.042 0.934 0.980 0.969 
3 0.599 0.992 1.283 0.856 1.122 0.693 0.950 
4 0.077 0.255 0.012 0.012 -0.085 -0.021 -0.158 
Quarter Strength 1 0.247 0.118 0.223 0.319 0.486 0.219 0.486 
2 0.683 0.994 0.916 0.998 0.932 0.934 0.891 <: 3 0.718 0.987 0.924 0.675 0. 738 0.429 0.541 
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Table II {continued) <D 
'-" 
Rates of Growth of Euplotes Woodruffi Over Different 24-hour Spans Under Experimental Conditions ~ 
Concentration Initial pH 
Temp. of Medium Day 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
32° Full Strength 1 0.800 0.704 0.822 0.642 1.392 0.704 0.780 
2 1.953 1.922 2.999 1.008 1.210 1.761 1.713 
'.l 0.285 0.350 0.319 0.362 0.499 0.268 0.270 
4 -0.182 --0.113 -0.045 -0.055 - 0.295 -0.275 -0.298 
Half Strength 1 0.354 0.629 0.501 0.337 0.262 0.182 0.182 
2 1.918 2.220 1.538 1.096 1.155 1.299 1.325 
:; 0.229 0.232 0.198 0.429 1.020 0.738 0.710 
4 -0.220 -0.440 . 0.134 0.120 - 0.067 0.006 -0.033 tr:! 
Quarter Strength 1 0.655 0.688 0.843 0.653 0.161 0.389 O.o75 c::: 
"' 2 0.392 0.153 0.595 1.039 1.200 0.920 1.003 t"' 3 -0.152 -0.146 0.003 0.178 0.534 0.460 0.729 0 
4 -0.172 -0.146 -0.204 -0.009 -0.038 0.020 0.105 >-l tr:! 
[fl 
37° Full Strength 1 0.270 0.270 0.626 0.525 0.425 0.647 0.542 
2 0.322 0.247 0.300 0.148 0.425 0.278 0.464 
:; 
-0.083 -0.095 0.166 -0.148 -0.110 0.060 
-0.078 
4 -0.004 0.039 -0.050 -0.040 -0.060 -0.170 0.078 
Half Strength 1 0.351 0.300 0.000 0.148 0.058 0.000 0.058 
2 0.418 0.626 -0.020 0.513 0.113 0.445 0.239 
3 -0.040 0.122 --0.010 -0.150 -0.070 0.058 0.000 
4 0.000 -0.010 0.030 -0.020 0.104 -0.255 0.000 
Quarter Strength 1 0.000 -0.160 0.039 0.223 0.058 -0.030 0.337 
2 0.270 0.525 0.593 0.425 0.140 0.231 0.322 
3 -0.150 -0.040 0.077 0.378 -0.080 0.077 0.030 
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This is made more evident from an examination of growth rates, 
where at several temperatures and food concentrations the growth 
rates are significantly lower than those at adjacent pH values. 
There is a greater effect upon daily rates than upon asymptotes 
at this pH, suggesting that ~llthough daily increments of indi-
viduals is somewhat less, there is a slower deceleration of growth 
rates toward the end of the cultural period, resulting in asymptotes 
little, or no lower than those found at adjacent pH values. Ap-
parently a culture ages somewhat less rapidly at pH 7.0 than at 
7.4 or 6.6. 
The growth rates, like the asymptotes, show that the maximal 
growth occurs at 32 degrees, growth is less at 27, still less at 22, 
and lowest at 37 degrees. Small differences during the first day 
of culture arc not statistically significant. Nevertheless, there is 
considerable evidence to show that during the first day the 
lowest temperature resulted in the greatest lag period, and that 
at 27 and 32 degret's the lag period is repeatedly lessened. Ap-
parently adjustment to the cultural conditions occurs with maxi-
mal ease at 32 degrees, in full strength medium. In diluted medium, 
however, this effect becomes less pronounced, and may even be 
reversed, at least between 27 and 32 degrees. 
That temperature hastens or slows growth is further evidenced 
by noting the day of maximal growth in the various cultures. 
In full strength medium. the highest daily growth rates occur 
during the third day at 22 degrees, and the second clay at 32 
degrees. At 27 degrees it varies somewhat at different pH values, 
but is, on the whole about equal for the second and third days. 
Dilution of the medium is accompanied by some depression 
of growth during the first day in most instances. It has but little 
effect upon the growth rate of the second day in half-strength 
medium, but materially modifies the growth rates of the third 
and fourth days. This effect, as might be expected, is little 
changed by differing temperatures and pH values. 
While the daily growth rates help to define the condition of 
the ciliates, they arc inferior to instantaneous rates. U nfortu-
natcly the determination of instantaneous rates calls for find-
ing a formula which satisfactorily fits the curves to some mathe-
matical description of the relationship of numbers or organisms 
and time. Cause's ( 1934) work with Paramecium, fitting the 
growth of Paramecium populations to the logistic curve is well 
known. Unfortunately, the Ruplotes-Aerobacter system does not 
always give good fits when the logistic formula is used. Where 
the curve of numbers is symmetrical, the logistic curve. is sug-
gested. vVhere the Cl!lYe is skewed, however, the Gompertz curve 
is superior. In the present case, some of the curves where reason-
ably symmetrical, others were ratthcr definitely skewed. No single 
6
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method for fitting all of the curves has succeeded. The basic 
K 
formula, N = where N is the numbers present at any 
1 + e(a+bt) 
given time t and K is the upper asymptote of the curve, did give 
reasonable fits in some cases. In others it seemed to be insufficiently 
accurate. Somewhat better fits, for some of the individual cases 
K 
were given by the formula N = . However, it 
1 + e(a+bt+ct2) 
was not felt that the fits were uniformly good enough to permit 
routine calculation of instantaneous rates. 
In many ways, the most satisfactory way to express the re-
lationship of a given temperature or other set of conditions and 
the growth of the Euplates population is to convert the observed 
rates into figures which are expressed in relation to a definite 
standard. One method which can be used is to determine the 
maximal growth rate and to compare this maximal rate with 
observed rates. In the absence of instantaneous rates, the maxi-
mal observed daily rate was taken as a base figure, and the ob-
served daily rates were subtracted from the maximal rate. This 
value, in order to distinquish it from environmental resistance, 
a somewhat similar parameter with a different mathematical 
derivation, has been termed environmental renitancy. The daily 
cnvironimental renitancy values are summarized in Table III. 
While they do not permit the drawing of conclusions which are 
at variance with those for daily growth rates, it is somewhat 
easier to determine to what extent the environment, over a 
twenty-four hour span, has been less than optimal for Euplotes 
production. 
The values obtained for either environmental renitancy for 
twenty four hour periods, or for growth rates over those periods. 
do not fully express the effects of temperature upon the Eu plates, 
or the Aerobacter-Eu plates system. Indeed, even instantaneous 
rates have their disadvantages in determining the over-all effect 
of environmental conditions upon the system. There is consider-
able evidence that there is a great deal of compensatory fluctua-
tions in daily, or would be for instantaneous, growth rates. Thus a 
culture in which, for some reason or reasons, the Euplotes popu-
lation grew less well on the first day, may very well have a high-
er growth rate on the second day. Little variations in utiliza-
tion of food during the second day may well bring about a dif-
ference which is quite material on the third day. Lesser utilization 
during the early period of cultural growth may result in a slower 
deceleration of growth during the latter period. Particularly when 
several conditions arc varied, slight differences in pH. as well as 
7
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Table III ... o:> 
Daily Changes in Environmental Renitancy in Euplotes Woodruffi Cultures Under Experimental Conditions 
Concentration Initial pH 
Temp. of Medium Day 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
22° Full Strength 1 2.424 2.595 2.690 2.542 2.542 2.841 2.355 
2 1.607 1.761 1.264 1.403 1.403 1.427 1.529 
3 0.807 0.603 0.872 0. 714 0.834 0.860 0.999 ..... 
4 1.603 1.559 1.655 1.608 1.739 1.513 1.769 0 ~ 
Half Strength 1 2.220 2.499 2.245 2.459 2.220 2.183 2.183 >-
2 1.551 1.709 1.491 1.353 1.660 1.697 1.851 > 3 1.596 1.305 1.382 1.190 1.195 1.634 1.527 n 
4 2.185 2.180 2.11 7 2.626 2.418 2.137 2.140 > 
Quarter Strength 2.027 2.069 2.312 t::J 1 2.459 2.325 2.428 2.183 M 
2 1.831 1.796 1.694 1.771 2.007 2.052 1.643 ~ 
3 1.777 1.622 1.622 1.840 1.486 1.573 1.884 -< 
4 2.102 2.325 2.325 2.220 2.107 2.320 2.115 0 
"rj 
27° Full Strength 1 1.848 2.298 2.038 1.997 1.901 1.901 2.038 <fl 
2 1.643 1.227 1.186 1.204 1.007 1.251 1.224 n ..... 
3 1.497 0.834 1.038 1.162 1.436 1.397 1.304 M 
4 2.013 2.504 2.043 1.824 1.970 2.180 2.074 z Q 
Half Strength 1 1.898 2.148 1.734 1.814 2.001 2.001 2.001 M 
2 1.459 1.236 1.649 1.178 1.286 1.240 1.251 
3 1.621 1.228 0.937 1.364 1.098 1.527 1.270 
4 2.143 1.965 2.208 2.208 2.305 2.241 2.378 
Quarter Strength 1 1.973 2.102 1.997 1.901 1.734 2.001 1.734 
2 1.537 1.226 1.304 1.222 1.289 1.286 1.329 ~ 
2 1.502 1.233 1.296 1.545 1.482 1.781 1.679 < 0 
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Table III (continued) lJ;l (.,, 
Daily Changes in Environmental Renitancy in Euplotes Woodrnffi Cultures Under Experimental Conditions ~ 
Concentration Initial pH 
Temp. of Medium Day 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
32° Full Strength 1 1.420 1.516 1.398 1.578 0.828 1.516 1.440 
2 0.267 0.198 0.221 0.212 0.990 0.459 0.507 
3 1.935 1.870 1.901 1.858 1.721 1.952 1.950 
4 2.402 2.333 2.265 2.275 2.515 2.495 2.518 
Half Strength 1 1.866 1.591 1.719 1.883 1.958 1.938 1.938 
2 0.202 0.000 0.682 l.124 1.065 0.921 0.895 
3 1.991 1.988 2.022 1.791 1.200 1.482 1.510 
4 2.440 2.660 2.354 2.100 2.287 2.226 2.253 t'1 
Quarter Strength 1 1.565 1.532 1.377 1.567 2.159 1.831 2.145 c >-a 
2 1.828 2.067 1.675 1.181 1.020 1.300 1.217 t"" 
3 2.372 2.366 2.217 2.042 1.686 1.760 1.491 0 




37° Full Strength 1 1.950 1.950 1.594 1.695 1.795 1.573 1.678 
2 1.898 1.973 1.920 2.072 1.795 1.942 1.756 
3 2.303 2.315 1.954 2.368 2.330 2.280 2.298 
4 2.224 2.181 2.270 2.268 2.280 2.390 2.142 
Half Strength 1 1.879 1.920 2.220 2.073 2.162 2.220 2.162 
2 1.801 1.594 2.240 1.707 2.107 1.775 1.981 
3 2.260 2.098 2.230 2.370 2.290 2.162 2.200 
4 2.220 2.230 2.190 2.240 2.116 2.475 2.220 
Quarter Strength 1 2.220 2.380 2.181 1.998 2.162 2.250 1.883 
2 1.950 1.695 1.628 1.795 2.070 1.989 1.898 
3 2.370 2.260 2.143 1.842 2.300 2.143 2.190 
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more significant differences in temperature or food concentration, 
may lead to significant differences in growth rates for a given day, 
but have relatively less effects upon total utilization of the environ-
mental potential. It is theoretically, impossible to choose any one 
period, the comparison of which in several cultures, will define the 
actual effects of the varied environmental factors upon Euplotes 
growth except on a purely comparative basis, and with the limita-
tions that it relates only to the actual interval chosen. This means 
that growth rates, no matter how carefully measured, may well 
tempt one to draw conclusions which are actually not justified, par-
ticularly when discussing the effect upon ability to grow of varying 
an environmental factor. 
In an attempt to find some value which might more accurate-
ly define the capacity of a culture to utilize the environmental 
potential at some given set of environmental conditions, a number of 
kinds of computations were attempted. The most satisfactory of these 
proved to be the computation of the area beneath the growth 
curve. This was carried out using Simpson's rule, it being felt 
that this would be superior to computations built upon approxi-
mate curve fits based upon the logistic assumptions. The values 
for those areas, summarized in Table IV, are, therefore, approxi-
mations which arc based upon Simpson's rule, and not based upon 
any mathematical assumptions about the nature of the growth 
curve itself. 
A comparison of these areas is actually a comparison of the 
number of Euplotes-days observed in the cultural period. Since 
this is essentially a statement of the summation of all of the time 
that all of the organisms lived in this limited environment, it may 
be taken as a figure which describes the total occupancy of the 
culture tubes. 
It is evident that a description of occupancy makes it possible 
to draw some conclusions that are somewhat less evident from 
a comparison of either rates or asymptotes. In general, the re-
lation of temperature to occupancy is similar to that of tempera-
ture to rates or maximal populations. The greatest occupancy 
rates occur at 32 degrees, the least at 37 degrees. It is further 
evident that occupancy tends to change much less than either 
rates or asymptotes as pH is varied at a given temperature, par-
ticularly if one compares cultures near the optimal pH values. 
In the pH range from 6.6 to 7.4, the occupancy values. in gen-
eral, are very nearly constant in full strength medium, although 
the reduction at pH 7.0 appears occasionally. Dilution of the 
medium, which has quite a marked effect at 22 and 32 degrees 
upon rates and upon upper asymptotes, has a markedly smaller 
10





Table IV ~ 
Areas Beneath the Growth Curve of Euplotes Woodiuffi Under Experimental Conditions 
Concentration At End Initial pH 
Temp. of Medium Of Day 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
22° Full Strength 1 *7.5 
2 15.2 12.9 13.9 14.8 14.6 11.6 
3 41.1 36.4 46.1 46.1 42.9 32.3 
4 111.9 107.8 113.5 131.6 118.3 88.6 
Half Strength 2 18.2 14.0 18.2 15.9 17.8 18.3 17. 7 
3 38.8 30.4 42.9 41.8 41.8 35.7 34.7 tT1 
4 70.1 59.3 85.7 85.4 85.1 61.4 62.2 c: >-o 
t" Quarter Strength 2 14.2 16.0 15.2 17.9 19. 7 18.7 16.6 0 
3 26.4 31.6 30.8 33.8 37.0 33.7 32.3 ..., 
4 44. I 51.3 51.9 53.2 64.9 56.8 51.7 tT1 (/l 
27° Full Strength 2 24.3 18.7 24.3 26.7 30.I 26.9 24.3 
3 54.0 60.8 76.7 69.9 87.4 74.8 54.9 
4 100.3 159.4 185.4 165.0 185.l 158.4 107.9 
Half Strength 2 25.3 21.7 27.1 30.6 27.1 25.4 17.4 
3 60.8 61.4 74.2 87.7 79.5 59.2 76.l 
4 98.7 141.4 174.8 175.0 176.3 113.1 156.3 
Quartn Strength 2 18.'.1 21.8 24.5 25.7 30.5 24.0 30.3 
3 38.1 59.4 65.6 6"1.9 80.4 64.0 73.8 
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Table IV (continued) 
Areas Beneath the Growth Curve of Eupiotes Woodruffi Under Experimental Conditions 
Temp. Concentration At End Initial pH 
of Mt>dium Of Dav 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
32° Full Strength 2 68.4 61.1 71.9 60.1 81.6 56.0 58.1 ...... 
3 227.5 209.5 244.3 216.1 227.7 174.5 179.0 0 
4 378.8 358.2 420.9 361.3 400.3 290.9 293.0 ~ > 
Half Strength 2 43.7 53.5 38.8 28.7 24.4 27.2 27.5 > 
3 139.9 159.9 105.8 72. l 82.9 81.4 107.1 0 > 4 226.8 232.6 125.6 126.9 178.1 161.4 161.1 t; 
t;::I 
Quarter Strength 2 31.1 34.0 31.9 39.1 25.6 28.3 22.4 a:: 
3 53.3 66.7 60.9 92.1 68.8 65.7 56.0 ><: 
4 66.7 90.7 100.9 143.9 103.7 115.7 107.1 0 
'"%j 
37° Full Strength 2 22.3 22.0 26.0 25.0 29.3 16. 7 
t:Jl 
27.3 0 
3 37.3 35.6 50.1 39.8 44.2 49.5 51.0 ...... t;::I 
4 48.7 47.7 76.3 53.7 59.3 66.7 70.0 z 
0 
Half Strength 22 23.6 24.0 16.0 20.0 18.0 17.6 18.3 i:'1 
3 43.1 46.9 24.0 36.0 27.8 31.5 29.6 
4 56.8 70.3 32.0 47.0 36.7 42.6 40.3 
Quarter Strength 2 17.0 17.0 18.3 21.0 18.0 10.7 22.3 
3 27.8 28.5 34.9 39.4 27.8 27.8 38.7 
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effect upon the occupancy of the medium. It is evident that this 
value, which includes maintenance as well as synthesis activities, 
is of value in attempting to understand the reasons for small 
rate fluctuations prior to the time for which rates are being 
measured. The depletion of food materials in the culture, all other 
factors being equal, is primarily a function of occupancy, rather 
than of prior growth. When any given set of conditions is suf-
ficiently studied, an upper asymptote is defined, which will tend 
to occur at a definite time, in the culture itself, if not mathe-
matically. This simultaneously defines an occupancy value which 
will be characteristic for that organism under the defined con-
ditions. That it is possible to compute environmental resistance 
at all as a function of the upper asymptote and the actual numbers 
of organisms present at some given time, as Gause does, depends 
upon the definition of ocCllpancy which is embodied in the state-
ment of rates and upper asymptote. Where a series of cultural 
conditions are being defined, however. the actual difference in 
rate at any given moment under distinctly different cultural con-
ditions, is dependent, not merely upon the upper asymptote which 
can be expected in those conditions. On the ground that causes 
of events are prior to the events themselves, we would tend to 
assume that any given, instantaneous rate is more intelligibly a 
function of prior occupancy than any other parameter. 
A very real advantage accrues from the examination of oc-
cupancy data where one is dealing, as in the present case, with 
a system consisting of food organism and predator. Modifica-
tions in the environment which may stimulate production of 
the food organism will materially change the carrying capacity of 
the culture. The carrying capacity of the culture is actually a 
function of the ability of the food organism to utilize its environ-
ment, and the ability of the predator to utilize the food organism 
As occupancy rises, it is possible to see somewhat more clearly 
the effect of new conditions upon these two factors, particularly 
where rates and aymptotes are also available. 
Despite the difficulties involved, it is of considerable importance 
that we learn to define with more precision the synthetic capacities 
of ciliates that cannot be cultured on lifeless media. So many im-
portant experiments are conducted upon ciliate material that 
cannot be cultured unless living material is present that it is 
necessary to find ways to define with greater precision the con-
dition of the ciliates at the time of experimentation. In the eco-
logical sense, as well as the physiological sense, work which will 
lead to a more accurate definition of physiological state of a popu-
lation as a whole and its synthetic activites, as well as its main-
tenance activities, is valuable. Perhaps the hcst conclusion that 
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can be drawn from the present work is that considerable more 
work on cultures consisting of food species and a ciliate predator 
is needed before it is possible to obtain a clear picture of the ciliate 
component of the culture. 
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